Greenwood et al.1) used the expression, "experimental epidemiology" for the laboratory study on animal diseases analogous to human complaints. A controlled experiment in which one variable is manipulated is essential in order to test a hypothesis of disease etiology. An animal model of human diseases has been used extensively in order to discover the mechanism that spreads infectious diseases. In more recent times a major problem of experimental epidemiology is not only in infectious diseases, but also in non-infectious chronic ones, even including developmental defects.
MATERIALS AND METHODS
Animals used were 2-16 months old virgin CF# 1 mice from a colony that has been maintained by random breeding for more than 11 years in this laboratory.
Females were caged overnight with proved-fertile males from the same colony and the morning when a vaginal plug was found was designated as day 0.5 of gestation. The animal room temperature laboratory chow and water ad libitum. In order to evaluate reproductive capacity and incidence of chromosome anomalies mated females were classified into 4 age groups, (1) 2-4, (2) 5-8, (3) 9-12, and (4) 13-16 months old. Pregnant mice were killed by cervical dislocation on day 10.5 of gestation and laparotomized. Corpora lutea and products of conception, such as implantation sites and resorbed and live embryos, were counted. Embryos taken from the uterus were placed in normal saline, examined under a dissecting microscope, and crown-rump length measured.
Chromosomes were analyzed by means of a modification6) of Wroblewska and Dyban's method.7) It was not necessary to employ colchicine treatment and in vitro culture in order to accumulate metaphase cells because of active cell proliferation.
Slides were stained with Giemsa and mounted. Some 20-40 metaphase plates of good quality were counted for each embryo. When most counts deviated from the normal diploid number 40, an attempt was made to distinguish extra or lost chromosomes in restained preparations by means of the band-staining technique.8)
RESULTS
The data in table 1 show that reproductive performance declined with advancing age. The pregnancy rates determined by the presence of more than one live embryo, were 80.0, 72.7, 55.3, and 33.9% in 2-4, 5-8, 9-12, and 13-16 months old groups respectively. This decrease was statistically significant (P<0.001) by the ordered chi-square test.9) The mean ovulation rates based on corpora lutea counts of the 2 older groups were significantly smaller than that of the 2 youngest ones, although the difference between the 9-12 and 13-16 months old mice was not significant (table 1) .
In contrast to the mildly decreased ovulation rate after 9 months of age, the number of implantation sites and live embryos rapidly declined as maternal age progressed ( fig. 1) (1) littermates (2) Significance levels of incidence of aneuploidy: between 2-4 months and 9-12 months old groups, P=0.092 (not significant); between 2-4 months and 13-16 months old groups, P=0.011; between 5-8 months and 9-12 months old groups, P=0.069 (not significant); between 5-8 months and 13-16 months old groups, P=0.0082; between 9-12 months and 13-16 months old groups, P=0.20 (not significant).
similar reduction also occurred in the embryonic crown-rump length. Particularly in the oldest group, embryos were uniformly small, as compared with the variable sizes in the younger groups. Ten days after copulation an increase of embryonic deaths was not noted in relation to maternal age. The total number of late embryonic deaths was based on the lack of heart-beat.
Results of the cytogenetic examination are summarized in table 2 and figure 2. A majority of the embryos recovered were examined. Aneuploidy and polyploidy were recorded separately, because different mechanisms seem responsible for the formation of these anomalies.
The findings show that aneuploidy increased with advancing maternal age ( fig. 2 ). The gradient became clear when a statistical comparison was made among four age groups. As shown in table 2 statistical differences in incidence of aneuploidy were noted between the 2-4 and 13-16 months old groups (P=0.011) and between the 5-8 and 13-16 months old groups (P=0.0082) by Fisher's test.
Of The case of trisomy in the 5-8 months old group was revealed as being the 41, XXY by means of the trypsin-Giemsa banding technique. The monosomic case in the 13-16 months old group showed a karyotype of 39, XO. Thus, sex chromosomes were involved in both cases. Others were not successfully analyzed in time-passed materials. One possible reason for this failure is that chromosomally anomalous ova, embryos and fetuses may be eliminated in the course of pregnancy and not be present at birth. Partly to preclude this possibility, an early stage of organogenesis day 10.5 of gestation was chosen for chromosome analysis. This particular stage also gives an adequate number of cells for establishing the chromosomal constitution in each individual. However the frequency of chromosome anomalies at midgestation may still be different from that at fertilization, because of possible elimination of chromosomally aberrant ova and early embryos10) and a litter size reduction in aged mice11)
Although an unusually high incidence of mosaic embryos was found in the present study, assessment of mosaicism should be undertaken with great care given especially for mouse chromosomes. A deviation in chromosome number from the mode of 40 may suggest a possibility of mosaicism. But, in the case of hypodiploid cells in contrast to hyperdiploid ones, one should exclude artifacts produced during slide preparation from products of abnormal cell cleavage of preimplantation embryos, otherwise diagnosis of mosaicism seems doubtfull. As the present study did not demonstrate chromosome bands in all of the materials by the trypsin-Giemsa staining techniques, diagnosis was made when series of chromosome counts definitely deviated from the modal number.
Concerning the etiology of aneuploidy (including mosaicism), two possible factors must be taken into consideration. One is the aging of the oocyte in itself, and the other, the role of the deteriorated environment of the aged ovarian tubes and uterus.
In regard to the role of environment of the ovarian tubes and uterus, there may be an influence on cell cleavage of early embryos. This is, mosaic embryos may be produced from normal diploid zygotes under such an environment. As to the origin of mosaicism with trisomy, however, the presence of trisomic oocytes at fertilization may be more liable to the later formation. In the present study two mosaic and one pure trisomic embryos were found as litter mates. It is interpreted that a trisomic zygote has a greater tendency towards anaphase lagging or non-disjunction as compared with normal ones, as suggested by Richards.12) Jones and Krohn13) suggested that senescent changes in connective tissue and stroma of the reproductive tract may interfere with a normal passage of sperm, which cause a delay in the time of fertilization.
In their work, however, no cytogenetic analysis was undertaken in aged oocytes. If delayed fertilization was operating, a significantly greater number of triploids would be expected in embryos from the older aged mice, as reported by Vickers.14) But this was not found in the present study. The delay in fertilization was, therefore, not sufficient to induce chromosome anomalies in the second meiotic division. Subsequently it is of interest to speculate about the origin of non-disjunction in the first meiotic division. But no experimental data support this assumption so far.
It is safe at present to say that both intrinsic changes of oocytes and environment are involved in the increase of aneuploid formations with advancing the age of mothers.
SUMMARY
In relation to maternal age reproductive performance and embryonic chromosome constitution were investigated in CF#1 mice. Decreased pregnancy rate and litter-size reduction occurred with advancing maternal age. Among 446 day-10.5 embryos obtained from 77 pregnant females aged 2-16 months old, 13 (2.9%) had aneuploidy and 4 (0.9%) triploidy, respectively. An increase of aneuploidy was found with advancing maternal age, but the production of triploidy was not related to maternal age.
